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BACTERIA GROWTH CARRIER INCLUDING TRACE ELEMENT 
FIELD OF THE INVENTION 

The present invention relates to a trace 
element/inorganic nutrient salt diffusion-type bacteria 
culture carrier. More specifically, the invention relates to 
a trace element/inorganic nutrient salt diffusion-type 
bacteria culture carrier which is useful in a wastewater disposal 
apparatus, a food-making industry and a drug-producing 
industry, 

BACKGROUND OF THE INVENTION 

As a method for producing a carrier, a method in which 
bacteria or enzymes are included in a polymer gel (inclusion 
method) has been so far known, and it has been industrially 
utilized. 

However, the ordinary method depends on a phenoiHeiion that 
trace metal elements or inorganic nutrient salts useful for 
growth of bacteria are diffused and moved from an external 
culture solution to the inside of a carrier. Accordingly, a 
diffusion rate of these materials is controlled by the growth 
of bacteria. Further, since a metabolized substance has 
resistance to diffusion onto a surface of a carrier, which 
sometimes hinder the growth of bacteria. Still further, when 
a gaseous substance is metabolized, floating or destruction 



ATTACHMENT A 



of a carrier occurs. Furthermore, in the ordinary method such 
as the inclusion method, the activity of bacteria is notably 
decreased owing to toxicity of a polymer used- Therefore, even 
when a density of bacteria is increased, the activity thereof 
is not necessarily proportional to the density of bacteria. 
These are the problems of the ordinary method. 

In order to solve these problems, a surface-binding-type 
carrier was developed in which bacteria and the carrier are 
physicochemically adhered. 

Nevertheless, since this method depends on the 
physicochemical adhesion between a viscous polymeric substance 
secreted in the growth of bacteria and the carrier, the growth 
of bacteria is controlled by the composition of inorganic 
nutrient salts or trace elements of a liquid entered from an 
external solution. Moreover, it involves problems that when 
bacteria present on a surface of a carrier flow within a 
bioreactor, peeling of bacteria occurs and high-density 
enrichment culture is naturally restricted. 

SUMMARY OF THE INVENTION 

Under these circumstances, the invention aims to provide 
a novel trace element/inorganic nutrient salt diffusion-type 
bacteria culture carrier in which a high activity and a high 
density of bacteria can be realized in a bioreactor or a 
wastewater disposal apparatus. 



The invention is to provide, upon solving the problems, 
a bacteria growth carrier including a trace element in which 
an element polymer product obtained by including a trace element 
for growth of bacteria in a synthetic or natural polymeric 
material is laminated by being held with a synthetic or natural 
inorganic porous material - 

Further, the invention is to provide the bacteria growth 
carrier which is a particulaLe, cylindrical or plate-like 
carrier, or the bacteria growth carrier which has a honeycomb 
structure - 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 is a perspective view showing a cylindrical carrier 

of the invention- 
fig. 2 is a perspective view showing a multiple cylindrical 

carrier. 

Fig. 3 is a perspective view showing a flat-plate-like 
carrier. 

Fig. 4 is a perspective view showing a part of a carrier 
of honeycomb structure. 

Fig- 5 is a sectional view showing an example in which 
the carrier of the invention is installed in a bioreactor. 

Figs. 6A and 6B are perspective views showing carriers 
in which plural holes are formed in rectangular and cylindrical 
porous materials and polymer products are packed therein- 



Figs. 7A and 7B are a side sectional view and a plan view 
each showing an example in which carriers are installed in a 
bioreactor , 

Fig. 8 is a sectional view showing an example in which 
carriers are installed in parallel to a flow within a bioreactor. 

Figs- y is a sectional view showing an example in which 
carriers in Fig* 3, 4 or 6A are installed. 

DETAILED DESCRIPTION OF THE INVENTION 

In the invention, as the binding-type carrier, a useful 
substance such as a trace metal element or an inorganic nutrient 
salt required for growth of bacteria is included at a high 
concentration in a synthetic or natural polymeric substance 
within a binding-type carrier. And, a porous material (a 
synthetic or natural inorganic porous material) in which 
microorganisms can easily live are mounted therearound to 
increase the living density of microorganisms. 

Such a carrier is installed in a reactor. Around the 
carrier, a liquid to be treated is contacted with a group of 
microorganisms in a stream parallel or perpendicular to the 
carrier to degrade a substrate. 

Consequently, the decrease in activity of bacteria due 
to toxicity of a polymeric material to be used is prevented- 
Further, inhibition of growth is prevented by adjusting a 
thickness of a polymer product or an inorganic porous material 



constituting a carrier and a pore of the inorganic porous 
material- Still further, physiological peeling of bacteria 
is prevented according to types and characteristics of bacteria 
and fluidity of a reactor to be used. 

Moreover, the invention Ls also based on the finding in 
studies on culture of methane bacteria at high concentrations, 
that is, a density of bacteria can be increased in view of the 
knowledge that the growLhcf bacteria is conLrolledby deficiency 
of a trace element or an inorganic nutrient salt required for 
growth of bacteria • 

In addition, this finding agrees with the minimum law 
of Liebig that when only one of substances required for bacteria 
is deficient, growth of any bacteria is stopped- From this 
finding, in a method for feeding substances required for growth 
of various bacteria acting in a bioreactor or a wastewater 
disposal apparatus, these substances are included at high 
concentrations in^Jide a carrier, and moved from the inside to 
the surface of the carrier by diffusion to supply the same to 
bacteria living on the surface thereof. Bacteria digest the 
substances to continue the growth, whereby the high density 
of bacteria can be maintained. This has been also identified 
by experiments. 

With respect to the polymeric material of the invention 
including a trace element or an inorganic nutrient salt, typical 
examples of a synthetic polymeric material are polymers known 



as water-absorbable polymers, such as an acrylic polymer, a 
methacrylic polymer, a vinyl alcohol polymer, a vinyl ester 
polymer, a polyether, a polyester and a polyolefin polymer, 
copolymers thereof, and gels thereof. A trace element or an 
inorganic nutrient salt is included and immobilized in these 
polymeric materials. The polymeric material may be formed as 
an agglomerate of a finely divided polymer. 

Further, a polymeric material may be a natural polymeric 
material. It may include various materials such as an agar 
gel, celluloses and polysaccharides . 

The inorganic porous material of the invention may include 
various synthetic or natural porous materials- Ceramics^ 
porous concretes and volcanic porous materials such as rock 
wool and pumice are available. When the porosity is slightly 
less than 95 % or 95 to 98 % including an approximate range 
slightly exceeding 98 %, preferably 95 to 98 % and a diameter 
of the pore is 2 to 0.1 mm, the porous material is most suitable 
for growth of bacteria. Further, it is required to select a 
porous material which does not elute a substance (heavy metal 
such as Cd) harmful for growth of bacteria used. Moreover, 
it is important to select a natural porous material which is 
not easily degraded with anaerobic bacteria. 

The element polymer product including the trace element 
and the inorganic nutrient salt is, in the carrier of the 
invention, laminated by being held with the inorganic porous 



material. The whole carrier may take various shapes. Examples 
thereof can include a cylindrical carrier, a rectangular carrier, 
a flat-plate-like carrier and a curved-plate-like carrier. 

The trace element and the inorganic nutrient salt in the 
inventionmaybe selected from trace metal elements and inorganic 
nutrient salts ordinarily considered. Examples of the trace 
element include Mg, Mn, Fe, Ni^ Co, Cu, Se, Mo^ Al, W, Ca and 
B. Examples of the inorganic nutrient salt include a phosphate 
and a carbonate of an alkali metal. 

Bacteria themselves are bound and immobilized, for 
example/ on the surface, in the inner pores or in the voids 
of the porous material through covalent bond, physical 
adsorption or ionic bond. Bacteria may previously be included 
in the carrier, laminated on the surface of the carrier, or 
both included therein and laminated thereon^ depending on 
characteristics of the carrier. 

The drawings appended illusLxatey Lhe cdrrler ul the 
invention. Fig. 1 shows a cylindrical carrier 1. A polymer 
product 11 as a core includes a trace element and an inorganic 
nutrient salt for growth of bacteria , This core has a structure 
that it is laminat:<*d by being held with a surrounding inorganic 
porous material 12. 

Fig- 2 shows a multiple cylindrical carrier 1. In this 
case, a cylinder having a hollow portion 13 has a structure 
that a polymer product 11 including a trace element and a nutrient 



salt for growth of bacteria is laminated by being held with 
the inorganic porous materials 12. 

Fig- 3 shows a flat-plate-like carrier 1. This carrier 
has a structure that the flat-plate-like polymer product 11 

is laminated by being held with the inorganic porous materials 
12. 

Fig. 4 shows a carrier 1 of a honeycomb structure. On 
a wall surface surrounding a hollow portion 13, the polymer 
product 11 as above described is laminated by being held with 
the inorganic porous materials 12- 

Such a carrier is installed in, for example, abioreactor. 
In the application to the bioreactor, the carrier and its 
arrangement can be determined in consideration of a purpose 
of culture, types and properties of bacteria, a substrate and 
a diffusion rate of a trace element and an inorganic nutrient 
salt to conduct the culture most efficiently in relation to 
a liquid How in Lhe bioreaccox , 

For example. Fig. 5 shows an example in which the carrier 
1 in Figs. 1 to 3 is installed in the reactor 2, and Figs. 6A 
and 6B show examples in which plural holes are formed 
approximately in parallel in the rectangular and cylindrical 
inorganic porous materials 12 and cylindrical and particulate 
polymer products 11 including trace eXements and inorganic 
nutrient salts are packed in the holes, in Fig. 7, for example, 
the flat-plate-like carriers 1 in Fig. 3 are mounted within 



the reactor 2 in zigzag state vertically and horizontally to 
control the flow as shown in a side sectional view of Fig, 7A 
and a plan view of Fig. 7B. Pig. 8 shows an example in which 
the carriers 1 in Figs. 1 to 3 are installed such that the side 
portion of the inorganic porous material 2 is approximately 
parallel to a flow direction of a culture solution. Fig. 9 
shows a structure in which the carriers 1 in Fig. 3, Fig, 4 
and Fig. 6A are laminated in a bioreactor. m this case, the 
side surface is approximately parallel to the flow, in the 
embodiment of Fig. 9, it is identified that an excellent 
performance is exhibited by making a packing rate of the polymer 
products 15 to 25 % (volume percentage) of an effective volume. 

When the carrier of the invention is used, for example, 
10 to 25 g dry cells /liter can be expected as a cell concentration. 
In the ordinary method, it was approximately 1 to 5 g dry 
cells/liter. 

Further, when an amount of a substrate in a degradation 
system in wastewater disposal is represented by S, the 
degradation thereof is represented by the formula: 



wherein represents a specific growth rate of bacteria, X 
represents a density of bacteria, and Yx/s represents a yield 
of bacteria (which is a fixed value depending on bacteria)^. 
In the invention, the reactor is operable when |4. is close 




to Umax/ whereby the density x of bacteria can be increased by 
2 to 10 times in comparison with that in an ordinary reactor. 
Accordingly, a degradation rate of a suspension culture 
apparatus is increased by 2 to 10 times in comparison with that 
in an ordinary apparatus. It can be increased by several times 
in comparison with that in a bioreactor using an ordinary 
carrier. 

The invention is now described in more detail by referring 
to the following Example. 

! 
I 

EXAMPLE 

A trace element and a metal salt as an inorganic nutrient 
salt were supported on a PVA (polyvinyl alcohol) polymer gel 
obtained by dissolving approximately 16 % by weight of a 
polymeric material having a weight average molecular weight 
of approximately 2,000 and a saponification degree of 98 % in 
water and crosslinking the solution with saturated boric acid. 
The resulting polymer product was filled in six holes of rock 
wool as an inorganic porous material so as to provide a 
cylindrical shape shown in Fig. 6B. Methane bacteria were 
incubated such that the volume of the polym«ri c material filled 
in the carrier corresponded to 20 % of a liquid portion. This 
was compared with a case in which a carrier was not used. The 
liquid temperature was set at 5**C, IS^'C and 25*^0. 

Table 1 shows a trace metal element/ Table 2 a basic 



inorganic salt, and Table 3 a composition of a vitamin solution 
respectively, 

Further, Table 4 shows physical properties and a 
composition of rock wool as an inorganic porous material. 



Table 1 



Component 


Concentration 


(Hg/liter) 


MgCl-6H20 


410 




MnCl-4H^0 


50 




FeCl2-4H20 


50 




NiCl2'6H20 


12 




ZnS04-7H20 


10 




CoCi2-6H20 


10 




CaCl2'2H20 


10 




NaaSeOa 


8 




Na2Mo04-2H20 


2. 


4 


CuS04-5H20 


1 




A1K(S04)2 


1 




H3B03 


1. 


8 


NaW04-2H20 


1 





Table 2 



Component 


Concentration (mq/liter) 


KH2PO4 


3400 


K2HPO4 


3400 


NH4CI 


2130 


Na2C03 


2540 


Resazurin 


2 



Table 3 



1 nmnr^ n o 

^ i L Ik-' w i i Cl i L. 


Concentration (|ig/liter) 


Biotin 


20 


Folic acid 


20 


Pyridoxine hydrochloride 


20 


Thiamine hydrochloride 


100 


Riboflavin 


50 


Nicotinic acid 


50 


Calcium DL-pantothenate 


50 


p-Aminobenzoic acid 


50 


Lipoic acid 


50 



Table 4 



Physical properties and composition of rock wool 



Density (kg/m^) 


80±12 


True specific gravity 


2.9 


Porosity (%) 


95 - 98 


, Composition {%) 


SiOz: 42, AI2O3: 15, CaO: 33, 
MgO:6, Fe:0.5, TiOacO.S, MnO: 
0.2, Na20:l, KzOrO.S 



The incubation of methane bacteria at various incubation 
temperatures was compared with that in the absence of a carrier. 
As a result^ with respect to amounts of methane bacteria and 
a methane production rate, the results shown in Table 5 were 
obtained • 



Table 5 



Temperature {^'C) 


Amounts of methane 
bacteria 


Methane 
rate 


production 


25 


4.8 times 


5,8 


times 


15 


2,5 times 


5.1 


times 


5 


2,3 times 


4,5 


times 



In Table 5, concentrations of a trace element and an 



inorganic nutrient salt in a carrier were 1,000 times as high 
as those in an ordinary method. It has been identified that 
with respect to the polymer product and the inorganic porous 
material charged into a reactor, it is mainly the volume of 
the polymer product and the porosity of the inorganic porous 
material that influence the incubation- However^ when a 
porosity is 95 to 98 %, an apparent volume of the porous material 
is almost: unchanged » 

When the carrier takes the shape in Fig, 5, it is estimated 
that the upper limit of the volume of the polymer product is 
approximately 25 % of a liquid volume. 

As is clear from Table 5, compared with the absence of 
the carrier, the presence of the carrier provides the excellent 
effects that the amounts of methane bacteria are 2.3 to 4.8 
times and the methane production rate is 4.5 to 5.8 times . 
Consequently, it is considered that the same excellent results 
can bed obtained in a model plug Ilow-typt^ biuitJdctur ;^howii 
in Figs. 7 to 9 as well. Therefore, as an application to an 
actual biosystem, a test was conducted with nitrifying and 
denitrifying bacteria such that a carrier of Fig, 6A provided 
by incorporating the polymer products in a porous concrete block 
was mounted on a bottom of a sewage treatment channel. As a 
result, removal rates of 50 to 60 % and 40 to 50 % (annual average) 
could be attained in T~N and T-P, respectively. 

As has been thus far described in detail, the invention 



can provide a novel trace element/inorganic nutrient salt 
diffusion-type bacteria culture carrier in which a high activity 
and a high density of bacteria can be realized in a bioreactor 
or a wastewater disposal apparatus. Further, the use of this 
carrier in environmental conservation of a biosystem can help 
to repair polluted environment or improve a rate of repair- 



What is claimed is: 

1. A bacteria growth carrier including a trace element 
characterized that an element polymer product obtained by 
including a trace element or the trace element and an inorganic 
nutrient salt for growth of bacteria in a synthetic or natural 
polymeric material is laminated by being held with a synthetic 
or natural inorganic porous material. 

2, The bacteria growth carrier as claimed in claim 1, which 
is a particulate, cylindrical or plate-like carrier. 

3- The bacteria growth carrier as claimed in claim 1, which 
has a honeycomb structure. 



ABSTRACT 



Provided is a bacteria culture carrier in which a polymer 
product having a trace element and an inorganic nutrient salt 
for growth of bacteria included therein is laminated by being 
held with an inorganic porous material • This carrier is useful 
in a bioreactor or wastewater disposal with a high activity 
and a high density of bacteria. 
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ABANDONED || 















And I hereby appoint Michael R. Davis, Reg. No.^25,134iJ^atthew M. Jacob, Reg. No. ^5,154;_ Warren M. Cheek, Jr., Reg. No. 
_33,36iJSfils Pedersen, Reg. No. 33,145; Charles R. Watts, Reg. No. 33,142; and Michael S. Huppert, Reg. No. 40,268, who together 
constitute the firm of WENDEROTH, LIND & PONACK, L.L.P., as weU as any other attorneys and agents associated with Customer 
H a . 00051 l - r terprosecute this application and to transact all business in the U.S. Patent and Trademark Office connected therewith. 



I hereby authorize the U.S. attorneys and agents named herein to accept and follow instructions from NISHIZAWA & ASSOCIATES 
as to any action to be taken in the U.S. Patent and Trademark Office regarding this application without direct communication between 
the U.S. attorneys and myself. In the event of a change in the persons firom whom instructions may be taken, the U.S. attorneys named 
herein will be so notified by me. 



Direct Correspoiul^ce to Customer No: 




000513 

PAferr TRAEffiMARK O^TCfe* 



Direct Telephone Calls to: 

WENDEROTH, LIND & PONACK, L L.P. 
2033 "K" Street, N.W., Suite 800 
Washmgton,DC 20006-1021 

Phone (202)721-8200 
Fax.(202) 721-8250 



FuUNameof 
First Inventor 



FAMILY NAME 

^»fA£KAWA 



nitST GIVEN NAME 

Takaaki 



SECOND GIVENNAME 



Residence & 
Citizenship 



STATE OR COUNTRY 



Tsukuba-shi, Jbag^d^ Japan nI/Nv 



COUNTRY OF aTIZENSUIP 



Japan 



Post Office 
Address 



ADDRESS 



STATE OR COUNTRY ZIP CODE 



1-1-1, Tennodai, Tsukuba-shi, Ibaraki Japan 



FuUNameof 
Second Inventor 



FAMILY NAME 



FIRST GIVENNAME 



SECOND GIVEN NAME 



Residence & 
Citizenship 



CITY 



STATEOR COUNTRY 



COUNTRY OF CITIZENSHIP 



Post Office 
Address 



ADDRESS 



CITY 



STATE OR COUNTRY ZIP CODE 



Full Name of 
Third Inventor 



FAMILYNAME 



FIRST GIVEN NAME 



SECOND GIVEN NAME 



Residence & 
Citizenship 



CITY 



STATE OR COUNTRY 



COUNTRY OF CITIZENSfflP 



Post Ofitice 
Address 



ADDRESS 



STATE OR COUNTRY ZIP CODE 



FuUNameof 
Fonrtti Invaitor 



FAMILYNAME 



FIRST GIVEN NAME 



SECOND GIVEN NAME 



Residence & 
Citizenship 



CTFY 



STATE OR COUNTRY 



COUNTRY OF CITIZENSBIP 



Post Office 

Address 



ADDRESS 



aTY 



STATE OR COUNTRY ZIP CODE 



FuU Name of 
Fifth Inventor 



FAMILYNAME 



FIRST GIVEN NAME 



SECOND GIVENNAME 



Residence & 
Cidzenship 



CITY 



STATE OR COUNTRY 



COUNTRY OF CITIZENSmP 



Post Office 
Address 



ADDRESS 



CITY 



STATE OR COUNTRY ZIP CODE 



FuUNameof 
Sixth Inventor 



FAMILYNAME 



FIRST GIVENNAME 



SECOND GIVENNAME 



Residence & 
Citizenship 



CITY 



STATE OR COUNTRY 



COUNTRY OF CTTI^NSHIP 



Post Office 
Address 



ADDRESS 



aTY 



STATE OR COUNTRY ZIP CODE 
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I further declare that all statements made herein of my own knowledge arc true, and that all statements on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful felse statonents and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful false 
statements may jeopardize the validity of the application or any patent issuing thereon. 



1 St Inventor fr^k^^Uj /f^A.^ Date March 27, 2002 

TakaakiMAEKAWA 

2nd Inventor Date 

3rd Inventor ^^^^ 

4th Inventor Date 

5th Inventor Date 

eth Inventor Date 



h^- The above application may be more particularly identified as follows: 

5£ U.S. AppHcation Serial No, Filing Date February 28, 2002 

^3 Applicant Reference Number 99-F-042US/NT Atty Docket No. 2002-0279A 

^3 Title of Invention BACTERIA GROWTH CARRIER INCLUDING TRACE ELEMENT 
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